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TWO-~DIMENSIONAL WIND-TUNNEL INVESTIGATION OF MODIFIED
BACA 65( 112)—111 ATRFOIL WITH 35-PERCENT-CHORD SLOTTED FLAP

TO DETEFMINE CPTIMUM FLAP CONEFIGURATION AT
" EREYNOLDS NUMBER OF 2,4 MILLION
By S-b&nley F, Racisz

SUMMARY

An investigetion has been made In the Langley two—-dimensionsl
low-turbulence tunnel to develop the opiimum configuration of &
0.35~chord slotted flap on an: NACA 65( 112)-111 airfoll section

modified by removing the trailling-edge cusp. The results of the
investlgation indicate thet for the optimum configuration at &
Reynolds number of 2.4 x 106 > the flep deflection was 45° and the flap
leading~edge radius center was 0.73 peroent—-chord behind and

4. L6 percent—chord below the siot lip, The maximum ssction lift
coefﬁcign for the optimum configuration at & Reynolds mumber of

2.k x 10 2,46 or 0.12 higher than that obtalned for an

NACA 65-210 airfoil section with & 0.250-chord slotted flep.

INTRODUCTION

The modern high performance airplane with its increased wing
loading requires the use of thin wing sections eguipped with highe-
1ift flaps. Experimental investigatlons, such as those reported in
reference 1, have been made to develop 0.250-chord slotted flaps
suitable for use on thin sirfoll sections, Such investigatlons,
bowever, have been madg for cnly a small renge of Reynolds numbsrs,
£2.4 x 106 40 9.0 x 100), and a very limited smount of data for
Reynolds nurnbers greater than 2.0 X 1l0° are evailable for thin
airfoils equipped wlth slotted flaps. Froa data presented in ref-
erence 1, it is seen thet large changes in the lift characteristics
of a thin alrfoll with a slotied flap may cocur as the Reynolds number
is Iincreased. Some question also exists es to whether or not a flap
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conflguration that is the optimum for high 1ift at low Reynolds
numbers 1s stlll the optimum comfigurasion at much higher Reynolds
nuobers.

An investigetion 1s therefore belng conducted in the Langley
two~dimensional loew—turbulence tunnels in order to develop the
optimum configuration of & 0,3%~chcerd slotted flap on a modified
NACA 65( 112)"'111 airfolil section and to detesrmine whether or not

the developed uptimum flap configuration is dependent upon the
Reynolds nurber. Measursments to determine the section plitching—
wmoment cheracteristics, the effects of leading-edge rouglmess on the
1ift characteristics, ard the 1lift characteristics for the flap
deflected through a developed flep path are also Included in this
investigation,

This paper presents the results of the flrst phase of the
investigatlion, which covered the development 016’ the optimum flap
configuration at a Reynolds number of 2.4 X 10° in the langley two—
dimensional low~turbulence tuanel.

SYMBOILS
L 7 section angle of attack, degress
¢ alrfoll chord
¢y gectlon 1l1ft ccefficlent
o1 _ maximum section 1ift coefficient

R Reynolds number

X, ¥ horlzontal and vertical poslitiors, respectively, of the flap
: leading-~edge radius center with respect Ho upper 1ip of
slot in pexcent ¢, positive forvard of and below slot 1lip,
respectively (fig. 1)

Be flap deflectlion, degrees, angle between airfoil chord line
in Tflap retracted positlion and edrfoil chord line in flap
deflected position (fig. 1)
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MODEL AND TESTS

The 2-foot chord modsl tested in this investigetion was a
modified HACA 65{112)-11_1 alrfoll section with a 0.35¢c slotted flap,

The airfoil section had been modified by removing the trailing-edge
cusp and was therefore similar to an NACA 65(73z)Alll alrfoil section.

Ordinates for the plain elrfoil sectlon and the slotted flap are
given in tables 1 and 2, respecklively. Flgure 1 is a skefch of the
alrfoll and flap and also shows the reference polnts defining the
flap position. The model wss constructed of aluminum alloy and
completely spemnned the 3-foot wide tupnsl test section. The flap
wes attached to the maln poritlon of the model by fittings at the ends
which permitted independent variation of the flep posltlon end
deflsctlion,

Measurements to obtaln the meximum section 1ift coefflclents
for an extexzsive renge of flap positions for flay deflectlons of
35°, 40°, and 45° were made in the Iengley two-Gimensional low-
turbulence tunnel at a Reynolds number of 2.4 X 109, The range of
flsp poslitions investigated was sufficiently extensive to define the
optimun coafiguration (the configuration for highest maximum 11£%)
for each of the flap deflections tested. The test methods and the
methods used in correoting the test data to free—alr conditions are
discussed in raference 2, The magnitude of the corrections used in
coxrrecting the test data to free-alr conditions was of the order of
a few pesrcent. The marimum free—-strsan Mach number atteined durding
any of the tests wes approximately 0.16.

RESULTS AND DISCUSSICON

Contours of values of maxlimm ssctlon 1ift coefficient for .
various positions of the flap leading-edge radlus center wlth respect
to the slot 1iip are presented in figurs 2 for flap deflsctions of
359, LO®, and 45°, These date indicate that at the optimum config-
uration, the flap deflection 18 45° with the flap leading-edgs radlus
center loceated 0.73 percent ¢ behind and L,46 percent ¢ bhelow the
slot lip. The section 1ift cheracteristics of the optimm configurae-
tlon for each of the flap deflectlons tested are presented in
figure 3: From the ésta presented iu figure 3, 1t 1s seen that at
flep deflections of 40C and 45° and at angles of atbeck slightly below
the stall, the slopes of the 1lift curves arxe considersbly larger than
the slopes at low angles of attack. Tuft studies of the air flow
over the flap for these duflectlons indicated that the flap was stalled
over most of the angle—-of-attack range but unstelled a few degrees
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before the meximm 1ift coefflcient was reached, A comparison of

the 1ift charecteristics for two flap positions at a flap deflection
of 40° indicates that a mors linear lift curve can be cbiarned

for this flap deflection slthough tho maximum section 1lift coefficiernt
is somewhat less than that obtalned for the optimum conflguration
(figs. 2 and 3). The highest maximun section lift coefficlent was
2,46 or 0.12 higher than tkat reported for a 0.250¢c slotted flap
(slotted flap 1) on an NACA 65210 airfoil sectisn (reference 1).

CONCLUSIONS

The results of tests of a modifled NACA 65(112}~lll alrfoil

section with a 0.35-chord slotted flap indicate the following
gcnclusions,

1. For the optimum conflguration at a Reynolds nuxber of
2.4 X 10° the flap deflection was 45° and the flap leading-edge
radius center was 0.73 percent—chord behind and 4.46 percent—chord
below the slot lip.

2, The weximum section 1lift coefficilent obtalned for the
optimum configuratlion at & Reynolds number of 2.4 X 106 was
2.46 or 0.12 higher than that obtained for an NACA 65-210 eirfoil
section with & 0,250-¢chord slotted flap.

Langley Memoriml Aeromautical Laboratory
Raticnal Advisory Commlttee for Aeronautics

Langley Fleld, Va.
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TABLE 1
OEDINATES FOR THE MODIFIED
" NaGh 65(112)-111 AIRFOIL SEGTION
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TABLE 2

OEDINATES FOR 0.55-CHOED FLAP

En'er aurface of flap formed by lower
surface of plein slrfoll.
Stetlons and ordinates n 1ln

percent airfoll cho

Station Ordinate
65.50 -0.863
62.00 -.3605
67.00 -3
63.00 792
206 1.@;
2.00 1.8L6
.00 2. Z%Z;
.00 2.
%8.00 2.5
Q.00 2.554
382.00 2.300
22.00 2.183
.00 2.000
Upper surface falrs Into
plain airfoll sectlion
at stetion 83.00
L.E. radiua; 1.40L
L.E. radius center at
station 66.50 and
ardinete -1.971

NATIONAL ADVISORY
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0.839¢c

Airfoll chord line-wn\‘

JER——

-

\ —
-

enter of flap leading~edge radius

0. 6650 '_]

{a) Alrfoil with 0.%5¢ slotted flap.
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(b) Variables used to define flap conflguration.
Figure l.- Proflle of the modified NACA 65(112).111 airfoll seoction with 0.3%5¢c slotted flap.
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(0) 8 =35°,
Filgers 2,- Contours of velues of moximum seatlon~lift coafficient for positiona of the flap leading-edge radlua with
reapect to nlot 1lp. 0,350 elottad flap; medifled NAGA £5(17p)-111 eirfoll; E = 2.4 x 106 {approx, ).
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) oy = ho°,
Figure 2.- Continued.
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